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© An interconnect substrate has formed the- 
reon a first plurality of conductive leads and a 
second plurality of conductive leads. A plurality 
of cells are formed in the substrate, each cell 
having a number of bonding pads formed on 
the surface of the substrate above the region of 
the substrate in which the cell is formed, there- 
by to allow a plurality of integrated circuit chips 
and electrical components to be attached to the 
substrate and electrically connected to the 
cells. Devices and programming elements in the 
substrate or in integrated circuits mounted on 
the substrate allow selected connections to be 
formed between selected ones of the conduc- 
tive leads to be connected electrically thereby 
to allow selected components mounted on the 
substrate to be electrically interconnected. 

Other devices in the substrate or in integrated 
circuits mounted on the substrate allow testing 
of the components mounted on the substrate to 
determine their performance and the checking 
of the integrity of the connections formed be- 
tween conductive leads. 
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This invention relates to an interconnect structure 
or substrate and to circuits in or mounted on the sub- 
strate for the electrical programming in the field of the 
interconnects on the substrate and/or for the testing 
of the integrity of the interconnects, the electronic 
components on the substrate and the system function 
for hybrid circuits and multichip modules. 

Hybrid circuits and multichip modules are com- 
monly used to connect electronic components for 
applications in instruments, computers, telecommuni- 
cation equipment and consumer electronic products 
which require higher density and performance than 
the capabilities of printed-circuit boards. Typically, an 
engineer will design a hybrid circuit or a multichip 
module to carry the types of electronic components 
(including integrated circuits, transistors, and discrete 
components such as resistors, capacitors and induc- 
tors) necessary to implement the desired electronic 
function and to fit in the space available for the pro- 
duct. Consequently, each hybrid circuit or multichip 
module typically is custom designed. To design a cus- 
tom hybrid circuit or a multichip module is expensive, 
takes time and requires custom tooling and the fabri- 
cation of prototype interconnect substrates. If errors 
are found in the prototypes, then the interconnect sub- 
strate must be redesigned. Such a process often 
delays the planned introduction of a new product. 
Bare dice, surface-mounted packages and electronic 
components are used with hybrid circuits and 
multichip modules, to provide high density. Shorter 
connection traces result in lower capacitances to 
drive shorter signal propagation delays, and higher 
performance. Testing of the integrity of the intercon- 
nects and the electronic components in the hybrid cir- 
cuits and multichip modules is rather difficult. 
Attaching the probes of oscilloscopes and logic 
analyzers to observe the waveforms on the various 
pins of the electronic components during operation 
require microprobing of fine lines and pads which is 
difficult. Many of the interconnects to be tested are 
imbedded and difficult to test. The use of test pads to 
access some of the imbedded traces takes area and 
often unintentionally overlook important traces. The 
testing, diagnosis and debugging of hybrid circuits 
and multichip modules are complicated, time consum- 
ing and often delay the planned product introduction. 
In the prior art, universal interconnect substrates 
which can be programmed to provide any desired 
interconnection pattern were described such as in 
Patents No. 4,458,297; No. 4,467,400; No. 4,487,737 
"and No. 4,479,088. The universal substrates in the 
prior art used interconnect architecture which could 
not be programmed or tested from external leads and 
which required probing of internal pads to program the 
connections or to test the integrity of the interconnects 
or the electronic components on the substrate. To 
optimize the number of internal pads for the program- 
ming and testing of the interconnects, prior art 



architecture has interconnects with excessive lengths 
and parasitic capacitances which reduced the speed 
of the connections on the substrates. The difficulties 
in testing and programming such universal substrates 

5 are time consuming and often increase the product 
development time and expenses. Other prior art (an 
article entitled "Active Substrate System Integration" 
by Wooley et al, at the Center for Integrated Systems 
at Stanford University, copyrighted 1987 by the IEEE) 

w discloses the potential use of active circuits in the sub- 
strate to implement drivers, receivers, repeaters and 
power distribution circuits. Such circuits are custom 
designed for each case and are active during the 
operation of the electronic components and chips on 

15 the substrate to implement the desired function. 

Disclosed in U.S. Patent Application Serial No. 
07/410,194 filed September 20, 1989 and entitled 
"Field Programmable Printed Circuit Board" is a prin- 
ted circuit board of unique configuration combined 

20 with one or more special programmable integrated cir- 
cuit chips (often called "programmable interconnect 
chips" or "PICs") to provide a user programmable prin- 
ted circuit board capable of being used to provide any 
one of a plurality of functions. The active circuits in the 

25 programmable interconnect chips also provide 
testport which offer powerful structures for testing the 
integrity of the interconnects, the electronic compo- 
nents and the system function. 

The field programmable printed circuit board des- 

30 cribed in the above application substantially reduces 
the cost associated with developing complex elec- 
tronic systems by providing a standard PC board con- 
figuration which is easily and economically 
manufactured. As disclosed in the above application, 

35 the designer of electronic systems utilizing the stan- 
dard programmable PC board described therein will 
also utilize computer aided design software to deter- 
mine the optimum placement of the electronic compo- 
nents on the programmable PC board and to 

40 determine the configuration of the programmable 
interconnect chip or chips to properly interconnect the 
electronic components so as to yield the desired elec- 
tronic system. 

In this application, interconnect substrates for 

45 hybrid circuits and multichip modules with circuits in 
or mounted on the substrate are disclosed. These cir- 
cuits enable the engineer by using external leads to 
electrically program the interconnects in the field 
and/or to connect any sets of nodes on the substrate 

so to external testports to test the integrity of the inter- 
connects and the electronic components on the sub- 
strate and the system function. These circuits provide 
the benefits of the field programmable printed-circuit 
boards for applications requiring the density and per- 

55 formance of multichip modules and hybrid circuits. 
During normal operation these circuits in or mounted 
on the substrate can be disabled and the connections 
of the interconnects on the substrate provide the des- 
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ired function. 

In accordance with this invention a novel architec- 
ture of interconnects on a substrate for hybrid circuits 
and multichip modules is provided with circuits in or 
mounted on the substrate to allow the user to electri- 5 
cally program the interconnects in the field with exter- 
nal leads and without the need to use fine probes to 
access internal fine lines or pads on the substrate. Cir- 
cuits in or mounted on the substrate enable any set of 
nodes on the substrate to be connected to a testport 10 
to functionally test any component on the field prog- 
rammable hybrid circuit or multichip module as well as 
to test the internal nodes and operation of the module 
and the interconnect integrity of the field programmed 
hybrid circuit or multichip module. The field program- 15 
mability and testability features and ports of the result- 
ing hybrid circuit or multichip module are enabled 
either by forming circuits in the substrate which con- 
tain the multilayer interconnects, programmable ele- 
ment and pads or by mounting programmable 20 
interconnect chips ("PICs") on the substrate which 
contains multilayer interconnects and pads. These 
circuits are activated, as needed, to implement the 
programming in the field, or the testing functions. Dur- 
ing normal operation, these active circuits can be dis- 25 
abled. 

In one embodiment with circuits in the substrate, 
the interconnect architecture comprises horizontal 
and vertical tracks on two or more layers of conduc- 
tors. Each track has segments of varying lengths. 30 
Pads in a standard grid on the surface of the substrate 
are attached to some of the segments. Each segment 
is addressed through the circuits on the substrate. 
The bare dice, surface-mounted packages and elec- 
tronic components are attached to the substrate and 35 
connected to the pads. Programming elements, such 
as antifuses, can be programmed to connect adjacent 
segments. By selecting the proper segments of shor- 
test lengths, any two pads can be connected by pro- 
gramming the programming elements at the 40 
intersections of the proper overlying segments. 

Furthermore, in accordance with this embodi- 
ment the interconnect leads formed in multiple layers 
on the substrate are segmented to limit the capaci- 
tance per net of interconnect Moreover, segments of 45 
various lengths are provided to cover the various 
lengths of nets in the horizontal and vertical direc- 
tions. Uniquely in accordance with this embodiment, 
the substrate on which the integrated circuits are 
mounted includes circuits to allow programming so 
totally in the field by the user without the need to 
microprobe internal fine lines or pads. The circuits on 
the substrate assist with addressing and allow the 
steering of programming signals. In addition, circuits 
are provided on the substrate for testing the dice 55 
attached to the substrate for functionality and connec- 
tability as well as for testing the entire configured mod- 
ule. In this embodiment the substrate can be a 




703 A2 4 

semiconductor material such as silicon^single crystal, 
polycrystal or amorphous) ceramic, metal with 
appropriate insulation layers, glass or any other 
appropriate material. 

An alternative embodiment of this invention uses 
an interconnect substrate formed of any one of any 
appropriate number of materials to contain a plurality 
of conductive traces which are routed to a portion of 
the interconnect substrate on which one or more pro- 
grammable interconnect chips are to be mounted. 
The interconnect substrate can for example comprise 
a semiconductor material such as silicon, metal (with 
appropriate insulating layers formed thereon) or 
ceramic. The structure of the conductive traces for- 
med on the interconnect substrate is as described in 
U.S. Patent Application Serial No. 07/410,194. The 
interconnect substrate can contain a single or multiple 
layers as described in said co-pending application. 
The interconnect substrate would have all the advan- 
tages of the structure of this invention. The PIC moun- 
ted on the interconnects substrate would perform all 
the functions of the structure of this invention includ- 
ing programming as well as testing. 

Bonding pads on the substrate are distributed- in 
a regular pattern to make the bonding pads as general 
purpose as possible to be used with different dice and 
electronic components. Moreover, the pad layout-is 
independent of die attach and bonding schemes (for 
example, wire bonding, solder bumps or TAB). 

The invention is further described below, by way 
of example, with reference to the accompanying 
drawings, in which; 

Figures 1 a through 1g illustrate a number of inter- 
connect structures for implementing a programm- 
able interconnect substrate suitable for use in 
implementing a programmable hybrid circuit and 
multichip module of this invention; 
Figure 2a illustrates an embodiment of the 
architecture of the programmable interconnect 
substrate with a control port to control the function 
of the interconnect substrate contained thereon 
and a test port; 

Figure 2b illustrates one structure for program- 
ming the intersection of two conductive leads for- 
med on the programmable interconnect 
substrate; 

Figure 2c illustrates a bilateral circuit for control- 
ling the transmittal of signals to or from a test port 
used in conjunction with the programmable inter- 
connect substrate 105 of this invention; 
Figure 3 illustrates a possible pad configuration 
as part of each cell in the substrate suitable for 
use in attaching chips to the programmable inter- 
connect substrate; 

Figure 4a and 4b illustrate the interconnect sub- 
strate with active circuits in the substrate to imple- 
ment software-controlled bed-of-nails test 
structure for in-circuit testing and to implement an 
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imbedded logic analyzer test structure respect- 
ively; 

Figure 5 illustrates in isometric view the intercon- 
nect substrate of this invention with three semi- 
conductor chips formed on top of the substrate, s 
one by solder bumps, one by tab, and a third by 
die attach with wire bonding. 
The following description is illustrative only and 
not limiting. Other embodiments of this invention will 
be obvious to those skilled in the art in view of this des- 10 
cription. 

Figures 1a to tf illustrate an embodiment of the 
interconnect substrate of this invention where the cir- 
cuits for the programming and testing of the intercon- 
nects are in the substrate. 15 

Figures 1a and 1b illustrate a programmable 
interconnect substrate 105 in accordance with this 
invention suitable for implementing the programm- 
able interconnect substrate 105 in the structures des- 
cribed in the Figures. In Figure 1a the programmable 20 
interconnect substrate 105 contains a plurality of cells 
106-1,1 through 106-S,T where S represents the 
number of rows of cells in the programmable intercon- 
nect substrate 105 and T represents the number of 
columns of cells in substrate 105. Each cell has for- 25 
med on the portion of the top surface of the substrate 
above the region of the substrate in which the cell is 
located an array of electrically conductive pads such 
as the pads 107-1 through 107-M above cell 106-1 ,1 . 
The geometric organization of the pads in each cell 30 
and the relative sizes of the cells are optimized to be 
universally used for various dices and electronic com- 
ponents. The optimization of the relative sizes of the 
cells and the organization of the pads on the semicon- 
ductor surface above each cell is determined by 35 
analyzing the sizes of the various components and 
chips to be interconnected using the substrate. Statis- 
tical analyses of the various sizes of these chips in 
components must be done to determine the distribu- 
tion of both cell sizes and the configuration of the pads 40 
used in conjunction with each cell as well as the num- 
bers of cells of each size required. An embodiment of 
the pad organization is a sea of pads with equal spac- 
ing in the horizontal and vertical directions. The con- 
ductive pads 107-1 through 107-M associated with 45 
cell 106-1,1 will be described in detail with the under- 
standing that the conductive pads associated with 
each of the other cells 106-s,t (where s is an integer 
given by 1 ^ s ^ S and t is an integer given by 1 ^ t 
^ T) in substrate 1 05 can function similarly. In another 50 
embodiment of the programmable interconnect sub- 
strate, the plurality of cells 106-s,t are placed on both 
sides of the substrate 105 to allow electronic compo- 
nents and chips to be placed on both side of the sub- 
strate to increase the packing density of the substrate. 55 

Figure 1b illustrates an example of the configu- 
ration of cell 106-1,1 and in a general sense the con- 
figuration of each of the other cells 106-s,t. Other 



configurations will be implementable by those skilled 
in the art in view of this disclosure. In Figure 1b hori- 
zontal conductive tracks 108-1 through 108-J (where 
J is an integer representing the maximum number of 
horizontal conductive tracks formed on programm- 
able interconnect substrate 105) are shown. In addi- 
tion, vertical conductive tracks 109-1 through 109-K 
are shown where K is an integer representing the 
maximum number of columns of conductive tracks 
formed on programmable interconnect substrate 105. 
In this embodiment, the horizontal conductive tracks 
108-1 through 108-J are formed on one level of inter- 
connections on substrate 105 while the vertical con- 
ductive tracks 109-1 through 109-K are formed on a 
second level of interconnections on substrate 105. 
Typically, these interconnections (which may be of 
any appropriate conductive material such as a sili- 
cide, doped polycrystalline silicon, a metal or metal 
composites) are formed in a manner well known in the 
semiconductor processing arts and thus the method 
of forming these interconnections will not be discus- 
sed. The horizontal conductive leads 108-1 through 
108-J have differing lengths across the chip. The cell 
106-1,1 shown in the upper left hand corner of both 
Figure 1a and Figure 1b has a plurality of horizontal 
conductive leads 108 originating in and extending 
from cell 106-1 ,1 to one or more of each of the other 
cells 106-1,2 through 106-1, Tin the same row. Likew- 
ise, cell 106-1,1 has a plurality of vertical conductive 
leads 109 extending from cell 106-1,1 to one or more 
of each of the other cells 106-2,1 to 106-S,1 in the 
same vertical column. 

The horizontal and vertical traces 108 and 109 
have at each of their intersections a programmable 
connective structure such as for example, an antifuse 
or a fuse. Typically, an antifuse comprises a capaci- 
tive structure with a dielectric capable of being broken 
down by the application of a selected voltage to pro- 
vide a conductive path between the two plates of the 
capacitor. Figure 1f illustrates a cross-section of an 
antifuse between interconnect traces 108 and 109. 
Thick dielectric layers 1 10 and 111 (2 to 25 microns 
thick), typically formed of silicon dioxide, silicon nit- 
ride, polyimide, organic material, or a combination 
thereof, are formed on either side of conductive inter- 
connect 108 and are used to minimize the parasitic 
capacitances of interconnect traces 108 and 109. 
Thin Dielectric 1 1 2 (0.5 micron to 2 microns) also typi- 
cally formed of silicon dioxide, silicon nitride, 
polyimide, organic materials or a combination thereof, 
and formed above dielectric 112and interconnect 108 
but below interconnect 109 is used to provide via 
opening 114 small relative to the opening in dielectric 
111. Typically via opening 114 will have a dimension 
on the order of one or two microns but the actual open- 
ing 114 may be smaller or larger than this depending 
on the technology of the antifuse dielectric 113 and 
the product application to minimize the antifuse area 
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and the associated capacitance between intercon- 
nect traces 108 and 109. Antifuse dielectric 113 is 
typically formed of amorphous silicon or undoped 
polycrystalline silicon, or single or multiple layers of 
dielectrics such as silicon oxides and silicon nitrides. 5 
Antifuses are well known in the art and thus antifuse 
dielectric 113 will not be described in detail. Other 
kinds of programmable elements can also be used 
depending upon design considerations. In one embo- 
diment the substrate of the programmable intercon- 10 
nect substrate 105 has formed on it selected devices 
(such as diodes and/or transistors) to enable the pro- 
gramming of the antifuse elements at selected 
intersections by using external leads in accordance 
with design requirements. 15 

As shown in Figure 1b, vertical leads 109-1 
through 1 09-K are formed on the programmable inter- 
connect substrate 105 so as to extend at a minimum 
across one cell 1 06 and at a maximum across all cells. 
Thus a plurality of vertical leads 109 cross each cell 20 
with the lengths of leads 109 varying from being such 
as to extend across just that cell to being such as to 
extend across all cells in a column. 

Horizontal conductive leads 108-1 through 108-J 
likewise extend across the programmable intercon- 25 
nect substrate 105. Again, the horizontal leads 108 
extending across one cell vary in lengths such that 
they extend across only that one cell up to a length 
which will extend across all cells in a row. In Figure 1 b, 
breaklines are included to indicate that the semicon- 30 
ductor substrate 105 is only partially shown with 
interior portions of the substrate having been removed 
for clarity. However, some conductive leads 108 and 
109 break not because of the breaklines showing 
removal of semiconductor material but rather 35 
because the conductive leads are intended to stop at 
a given point. Small lines 118-1, 118-2 and 118-3, for 
example, are drawn at the terminal points of conduc- 
tive lead 108-1 perpendicular to that lead to indicate 
that the conductive lead 108-1 is intended to termi- 40 
nate at those points. A horizontal conductive lead 

108- j, where j is an integer given by 1^j^J, thus might 
comprise one conductive segment each extending 
across the whole substrate 105 or a plurality of con- 
ductive segments extending across a section of the 45 
substrate 105. Similarly, the vertical conductive leads 

109- k, where k is an integer given by 1^k^K, likewise 
vary from one conductive lead which will extend 
across the entire height of the substrate 105 or across 

two or more conductive segments each extending so 
across a selected portion of the chip. 

The particular configuration of the conductive 
leads 108, 109 extending across one cell and from 
that cell to adjacent cells depends upon an analysis 
of the electrical functions to be carried out by the pro- 55 
grammable hybrid circuit or multichip module. This 
configuration is selected using the most probable 
types of system requirements to be imposed on the 
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programmable interconnect suhstraie 105. This 
selection depends upon an analysis of the circuit func- 
tions to be performed by the programmable hybrid cir- 
cuit or multichip module of this invention and thus the 
actual configuration of the programmable intercon- 
nect substrate is determined in light of the proposed 
uses for the programmable hybrid circuit or multichip 
module. Universal configuration of these conductive 
leads can be defined to be useful for the majority of 
circuit functions and practical applications that the 
substrate is to be used for. The universal configu- 
ration of these conductive leads is determined by 
analyzing the circuit requirements by which the inter- 
connect substrate 105 of this invention is to be put in 
determining then the length and number of conductive 
leads required in both the horizontal and vertical 
directions. Furthermore the segmentation of the con- 
ductive leads and the number of serpents of conduc- 
tive leads of selected lengths used in conjunction with 
each row and each column of cells is also determined 
by such a statistical analysis. The criteria used for 
determining the universal configuration of these con- 
ductive leads includes the requirement that a suffi- 
cient number of conductive leads of appropriate 
lengths be available to allow a significant percentage 
of the circuits desired to be fabricated to be implemen- 
ted using this technology (typically at least 95% of 
such circuits would have to be impfementable for the 
number of leads to be satisfactory) and to minimize 
the amount of semiconductor area incorporated in 
substrate 105. 

As shown in figure 1 b, vertical track (i.e. conduc- 
tive lead) 109-1 is electrically connected to pad A by 
a conductive lead 112-1 formed typically of the same 
conductive material as used to form track 109-1. Pad 
A can be formed from the same conductive material 
as used to form vertically track 109-1 and conductive 
lead 112-1. Should Pad A however be placed on a dif- 
ferent level than conductive track 109-1, then Pad A 
is connected to conductive track 109-1 by trace 112-1 
which extends beneath pad A to a via opened through 
the layers of insulating material separating conductive 
trace 112-1 from the conductive material making up 
pad A. The via is then filled with additional conductive 
material the same type that is used to form pad A. This 
is done in a manner well known in the art and thus will 
not be described here. Pads B, C, D and E are simi- 
larly connected to the corresponding vertical conduc- 
tive trace most closely adjacent to them in the same 
manner as described in conjunction with the connec- 
tion of pad A to vertical conductive trace 109-1. 

To interconnect a given lead corresponding for 
example to the lead 109-1 connected to pad A in cell 
106-1,1 (Figure 1b) to a given lead 108-j correspond- 
ing to a different pad either in cell 106-1,1 or in some 
different cell 106-s,t using the structure shown in Fig- 
ure 1b, an interconnection between the appropriate 
vertical conductor 109 and the appropriate horizontal 
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conductor 108 is formed. For example, to connect pad 
A to pad B (both in cell 106-1 ,1) the intersection of ver- 
tical lead 109-1 and horizontal lead 108-1 is program- 
med by applying a high voltage to this intersection in 
the circuit so as to program down the dielectric 113 5 
between these two leads at this intersection and 
thereby form a conductive path therebetween. In addi- 
tion, the intersection of vertical conductor 109-4 and 
horizontal conductor 108-1 is also subjected to a high 
voltage to program the dielectric 113 between these 10 
two leads at this point to form an additional conductive 
path between these two leads. Thus, pad A is connec- 
ted to pad B by conductors 109-1, 108-1 and 109-4. 
Should it be desired to connect pad A to any other lead 
or pad then pad B will also be connected to that other 15 
lead or pad. However, such a connection must be 
compatible with the circuit in order to be made. 

Figure 1b also illustrates the particular connec- 
tions which must be formed to connect pad A to pad 
D, pad A to pad C or pad A to pad E. Should all of 20 
these connections be made then pads B, D, C and E 
will also be connected to each other through pad A. 
The examples of the connections described here can 
be used to connect signals between the electronic 
components and chips mounted in the substrate and 25 
to connect these components and chips to the power 
and ground rails and planes. 

Figure 1c illustrates a programmable intercon- 
nect substrate 105 utilizing a single cross-point switch 
matrix array. When the number of pads to be intercon- 30 
nected is quite small (e.g., on the order of 100 to 300) 
then the structure of Figure 1 c has certain advantages 
of simplicity and ease of fabrication. The structure 
shown in Figure 1c is simpler than that shown in Fig- 
ure 1 b in that each pad (such as pad A) is connected 35 
by a conductive trace (such as conductive lead 125-A) 
permanently to a vertical conductive lead (such as 
lead 129-1. In addition, vertical conductive lead 129-1 
is permanently connected by via 124-1 (as shown by 
the solid dot) to horizontal conductive line 128-1. 40 
Should it be desired to connect pad A to any other pad 
accessible by a vertical lead 129 passing over or 
under horizontal lead 128-1 , the circuit is programmed 
by applying a voltage at the correct node (such as 
node 123-1) to form a conductive path between dev- 45 
ised vertical and the horizontal leads (such as hori- 
zontal lead 128-1 and vertical lead 129-4) thereby to 
connect pad A to pad B. Pad B is connected to vertical 
lead 129-4 by conductive trace 125-B. Note that each 
vertical line is permanently connected to one horizon- 50 
tal line 128 by a via (such as via 124-1). This greatly 
simplifies the interconnection required to program the 
hybrid circuit or multichip module of this invention 
since one pad can be connected to another by only 
one programming element. Also, this architecture 55 
may not need active devices in the substrate to prog- 
ram the desired interconnection, as the programming 
voltages can be applied directly to the pads. However, 



as the number of pads become lap§e,4his particular 
structure becomes relatively inefficient in its use of 
space on the programmable interconnect substrate 
105. The total number of programming elements 
required equals the number of pads squared. 

Figure 1d shows a variation of the structure in Fig- 
ure 1c. Using the structure of Figure 1d to intercon- 
nect pad A to pad D two programming elements must 
be programmed. Thus, the element at the intersection 
of vertical lead 139-1 and horizontal lead 138-1 must 
be programmed as must the element at the intersec- 
tion of vertical lead 139-(K-2) and horizontal lead 138- 
1. However, as shown in the structure of Figure 1d, 
each conductive pad such as pad A or pad D is con- 
nected by means of a conductive trace such as trace 
1 35-A to a vertical lead 1 39. The number of horizontal 
lead in this embodiment, is less than 1/2 the number 
of vertical leads because each horizontal lead con- 
nects two pads whereas each vertical lead is connec- 
ted directly to one pad only. Thus, the structure 1 d has 
greater flexibility than that shown in Figure 1c at the 
price of two programming elements per connection 
rather than one. The number of programming ele- 
ments is 1/2 the square of the number of pads. In this 
structure, access to the horizontal tracks 138 can be 
made through active devices in the substrate 105. As 
the number of pads become larger (for example 
above 200 to 500 pads) this structure becomes rela- 
tively inefficient. 

Figure 1e illustrates the single switch cross-point 
matrix array of Figure Icwith interconnections formed 
to connect pad 1,1 to pad 4,1. To do this, the interse- 
ction of the vertical lead V 1t1 and the horizontal lead 
H-i is programmed as is the intersection of the vertical 
lead V 41 and the horizontal lead H,. Thus, two ele- 
ments have been programmed to connect pads 1,1 
and 4,1. To connect pad 1,2 to pad 4,4, the program- 
ming elements at the intersection of the vertical lead 
V 12 . and the horizontal lead H 3 and of the horizontal 
lead H 3 and the vertical lead V 44 are programmed. 
Note that as a convention in Figure 1e, wherever the 
intersection of a vertical and a horizontal lead are not 
shown to be electrically connected by a solid dot, a 
programmable element (often shown by a hollow cir- 
cle) will be present even though a hollow circle is not 
shown at such intersection. 

Figure 1g illustrates an embodiment of the inter- 
connect substrate of this invention 1001 where the 
active circuit for the electrical programming and the 
testing of the interconnects is implemented with a pro- 
grammable interconnect chip ("pic") 1005 mounted 
thereon. The structure of this interconnect substrate 
is in arrangement and function identical to that shown 
in Figure 1 of pending application serial number 
07/410,194 referred to above. Substrate 1001 could 
comprise any one of a number of materials, such as 
silicon, metal or ceramic, provided the materials 
would allow the electrical leads 1 003-r,c (where r equ- 
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ats the number of rows of conductive pads on the 
interconnect substrate and c equals the number of 
columns of conductive pads on the interconnect sub- 
strate) to be electrically isolated from each other and 
thereby avoid short circuits or other unwanted electri- 
cal connections between the conductive leads 1003- 
r,c. Typically substrate 1001 can comprise a single 
layer or multiple layers of support material. Shown in 
Figure 1g are two layers 1001-1 and 1001 -2 of support 
material. Other numbers of layers can be used if des- 
ired. Each layer 1001-i is fabricated of, for example, 
a rigid support material such as a ceramic, a metal 
with appropriate insulation formed on the surface 
thereof, or silicon with an appropriate insulation layer 
formed on its surface. The leads 1003-r,c comprise 
any appropriate conductive material such as, for 
example a metal, a silicide, doped conductive silicon 
or other appropriate conductive material. Formed on 
the center of substrate 1001 or in an appropriate loca- 
tion on the interconnect substrate 1001 is the prog- 
rammable interconnect chip 1005. Chip 1005 
contains a plurality of devices (for example, prog- 
rammable devices, diodes or transistors) which can 
be programmed by a user to interconnect selected 
ones of leads 1003-r,c so that the components moun- 
ted on the interconnect substrate 1001 are properly 
interconnected into the desired circuit. The pic chip 
1005 can contain any appropriate number of intercon- 
nect structures and in fact can be one of several such 
pic chips. A more detailed description of this chip is 
given in the above referenced co-pending application 
serial number 07/410,194 which is hereby incorpo- 
rated by reference. 

Figure 2a shows in block diagram form the 
architecture of an embodiment of the programmable 
interconnect substrate 105. Substrate 105 comprises 
a semiconductor material on which are formed a 
plurality of insulating and conductive layers. Sub- 
strate 105 is defined to include both the semiconduc- 
tor material and these layers. The interior 105a of 
substrate 105 contains the cells 106 (as described in 
conjunction with Figures 1a through 1e) and the hori- 
zontal and vertical conductive tracks 108 and 109 re- 
spectively. In peripheral area 105b, which forms an 
annular square around interior 105a, are placed con- 
trol and programming circuits including shift registers 
for selecting particular horizontal and vertical tracks 
1 08, 109 the intersections of which are to be program- 
med. In addition, buffer circuitry for the test port bus 
and the control port bus are provided in this region of 
substrate 105. Annular region 105c surrounds annu- 
lar region 105b and contains additional circuitry 
essential to the operation of the substrate 105 such as 
mode selection circuitry which will determine whether 
the programmable interconnect substrate 1 05 is in the 
test mode, the operating mode or the programming 
mode. Additional special circuitry as required will also 
be placed in peripheral region 105c. The control port 



is capable of handling several sigaals^and sets the 
function mode of the interconnect substrate, such as 
programming, testing and normal operation modes. In 
the programming mode, information is shifted with the 

5 signals of the control port to allow the active devices 
in the semiconductor (typically silicon) portion of the 
substrate 105 to be programmed to interconnect 
selected conductive traces 108, 109 on the prog- 
rammable interconnect substrate 105 thus forming 

w the desired electronic system. In the testing mode, 
signals applied and read from the control port and the 
test port allow the interconnect integrity of the silicon 
substrate 105 and the chips and components 
attached to substrate 105 to be tested externally. In 

15 the test mode, the electronic components and chips 
on the substrate 105 can be operational real-time at 
the full speed or at reduced speed or frozen at a given 
state to allow full flexibility in testing the desired elec- 
tronic system. In the normal operation mode, the 

20 active transistors in the substrate 105 are disabled 
and the programmed interconnects connect the 
attached components and chips to form the desired 
electronic system. 

Figure 2b illustrates a programming structure and . 

25 particularly programming transistors and;. circuits .zt' ~: 

within the semiconductor portion of substrate 105 to 
select the intersections of horizontal and vertical con- ■% .-x 

ductive leads 108, 109 to be programmed on the pro- j: 
grammable interconnect substrate 1 05 using only two 

30 transistors in the programming circuit path. Utilization v,: 

of the structure shown in Figure 2b allows the prog- &r -y.z? 

ramming current to reach into the hundreds of mil- * \.% 

liamps to amperes range necessary to break down the & 
dielectric 113 (Figure 1f) between the vertical and ^ 

35 horizontal conductive leads 109, 108 to form an inter- -c~ .-. 

connection therebetween with sufficiently low resist- ~ 
ance. Forexample, with an oxide 113 thicknessof 400 
A and with a gate length of 1.5 microns for the tran- 
sistor Q1 and width of 2000 microns, a programming 

40 voltage of 22-24 volts can be applied to yield the 800- 
1 500 milliamp current. 

To program the intersection of vertical conductive 
track V! and horizontal conductive track H 1f transis- 
tors Q1 and Q2 are provided in substrate 105. Tran- 

45 sistor Q1 has its gate connected to voltage source 
VGP, and transistor Q2 has its gate connected to a 
voltage source HGP^ The source of transistor Q1 is 
connected to vertical conductive track V1 while the 
drain of transistor Q1 is connected to conductive lead 

so VDPv The source of transistor Q2 is connected to 
horizontal lead Hi and the drain of transistor Q2 is 
connected to conductive lead HDPi. To program the 
intersection of vertical lead and horizontal lead H 1( 
VGPi is applied to take the gate of Q1 to a high volt- 

55 age V GH , the gates of other transistors in the array 
such as transistor Q3 are held at zero volts and the 
drain voltage VDP1 on transistor Q1 is taken to V pp , 
the programming voltage, typically 10 to 100 volts. 
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However, the gate voltage of Q4 is taken high 
because HGP^ is taken to a high voltage to turn on 
transistor Q2. The voltage on the drain of Q2 is taken 
to zero volts by driving HDP! to zero. HDP 2? which 
applies a voltage to the drain of Q4, is taken to zero s 
or to V pp over 2 (which voltage is selected so as not 
to program the programming element at the intersec- 
tion of V 2 and H 2 . V GH , which is applied to lead VGP^ 
is larger than V pp by the transistor threshold voltage 
and thus is approximately 18 to 105 volts. Because 10 
the devices Q1 to Q4 operate under high voltage, the 
threshold voltage of these transistors is made 
approximately 0.5 to 3 volts. As a result of the above- 
described voltages, only the programming element at 
the intersection of conductive lead serpents H1 and 15 
V1 will receive the full programming voltage V pp and 
break down. 

Figure 2c shows a bidirectional amplifying circuit 
capable of amplifying signals coming in either direc- 
tion depending upon control signals applied to the 20 
input and output buffers contained within the circuitry. 
Thus, as shown in Figure 2a, each pad on programm- 
able interconnect substrate 1 05 is connected to a spe- 
cial function test line (illustrated in Figure 2c) and the 
special function test line is then capable of being con- 25 
nected to the test port by turning on the output buffer 
through a high level signal applied to the lead labeled 
S on the output buffer together with a high level enable 
signal applied on the terminal labeled E. Simul- 
taneously with the application of a high level signal on 30 
the lead labeled S to the output buffer, a low level sig- 
nal is applied to the lead labeled [S Bar] to the input 
buffer thereby turning off the input buffer. Reverse 
polarity signals applied to terminals S and [S Bar] 
result in the input buffer turning on and the output buf- 35 
fer turning off thereby allowing a signal from the test 
port to be applied to the pad. The S and E signals are 
transferred to the peripheral circuits in annular region 
1 05B of Figure 2a to select the pads on the programm- 
able interconnect substrate to connect to the test port. 40 

Figure 3 illustrates a cell with a plurality of bond- 
ing pads 307-1 through 307-M visible on the surface 
of the cell. An integrated circuit chip can be placed 
over one cell or over several contiguous cells depend- 
ing on the size of the chip and the cells. 45 

Figure 4a and 4b illustrate the interconnect sub- 
strate such as substrate 1 05 of Figure 1 a or substrate 
1 005 of Figure 1g with examples of circuits and struc- 
tures for testing the integrity of the conductive inter- 
connects, the electronic components and the system 50 
function. 

Figure 4a shows the block diagram and active cir- 
cuits on the interconnect substrate 105 or 1005 to 
implement a software-controlled bed-of-nail test 
structure. A typical cell 406-s,t on the interconnect 55 
substrate 105 with a configuration of pads 407-m is 
shown. Each pad 407-m is connected to a corre- 
sponding conductive segment 409-m. Active transis- 



tors 403-m and selection/multiplejwig-circuits 405B 
also formed in substrate 105 select any sets of pads 
407 and connect them to an internal bus 414. In Fig- 
ure 4a, breaklines are included to indicate that the 
semiconductor substrate 105 is only partially shown 
with interior portions of substrate 105 removed for 
clarity. Thus, the signals applied on the control port 
can select any sets of pads 407 and connect them to 
the external leads of the test port. Hence, the user can 
observe the real-time waveforms or force input sig- 
nals on any sets of pads connected to the test port, 
making it equivalent to a software-controlled bed-of- 
nails test structure. 

Figure 4b shows the block diagram and active cir- 
cuits on the interconnect substrate 105 to 1005 to 
implement an imbedded logic analyzer test structure. 
According to the signals applied to the control port of 
the interconnect substrate 105 or 1005, key infor- 
mation supplied by the user is stored in the trigger 
data register 441. When the data sampled from the 
pads 407 with the sampling gates 440 in response to 
the sampling clock signal on lead 445, compare with 
the key information in the trigger data register 441, the 
comparator 442 initiates the memory controller 444 to 
start the memory address counter 445 for the storage 
memory 443 to store the sampled data from the pads 
407 by the sampling gates 440. After suitable 
sampled data is stored in the memory 443, the data 
is shifted through the test port externally to display 
and analyze. 

Other test structures can be implemented with 
active circuits in the interconnect substrate in view of 
this description by those skilled in the art. The active 
circuits for testing described are useful on intercon- 
nect substrates which can be either programmable in 
the field by the user as disclosed in this invention or 
custom designed for a desired electronic function as 
described in prior art for hybrid circuits and multichip 
modules. The circuits and block diagrams described 
in Figure (4a) and (4b) are examples of circuits built 
in the substrate 4 for the testing of the integrity of the 
interconnects and the electronic components. Other 
circuits, obvious to those skilled in the art, can be built 
in the substrate for testing the integrity of the intercon- 
nects and electronic components or other functions of 
the system. 

The active circuits and test structures, such as 
those described in Figures 4a and 4b, can be placed 
on separate diagnostic and test chips ("DTC"). The 
DTC chip or chips can be mounted on the substrate 
1001 of Figure 1g independently of the PIC chips to 
test the components attached to the substrate. By 
using the DTC chip without the PIC chip, feedback 
loops can be broken which simplify the verification 
and software development for the in-circuit testing of 
the electronic components. 

A substrate 105 with three semiconductor chips 
5-1 through 5-3 mounted thereon is illustrated in Fig- 
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tire 5. The chips 5-1 through 5-3 are attached to sub- 
strate 105 with conductive leads interconnecting 
selected ones of the orthogonal interconnects shown 
on the surface of substrate 105 to active devices on 
the semiconductor chips 5-1 through 5-3. For illus- 
tration, die 5-3 is attached and electrically connected 
to the substrate using TAB technology and die 5-2 is 
electrically connected to the substrate with wire 
bonds. Die 5-1 is attached and electrically connected 
to the substrate using solder bumps. The dice 5-1 
through 5-3 and other components on the substrate 
105 are interconnected with selected conductive 
interconnects on the substrate 105. 

While conductive leads in different layers have 
been described as being interconnected, those skilled 
in the art will recognize that conductive leads in the 
same layer can be connected together using the anti- 
fuse techniques discussed above. To do this, a con- 
ductive trace that has been split into two or more 
segments such as conductive trace 108-1 in figure 1b 
can be rejoined together by applying a programming 
voltage between the terminals of a programming ele- 
ment such as an antifuse connected to the ends of 
segments 118-1 and 118-2 of conductive lead 108-1. 
This programming voltage would then cause the pro- 
gramming element between ends 118-1 and 11 8-2 to 
form a conductive path between these two ends of the 
conductive track 108-1. Alternatively, various seg- 
ments of adjacent conductive leads can be intercon- 
nected by programming elements connected between 
sections of these adjacent segments. These program- 
ming elements can, in one embodiment consist of 
sections of segments deliberately formed close 
together by, for example, introducing curves or bends 
in the leads. 

An alternative embodiment of this invention uses 
an interconnect substrate formed of any one of any 
appropriate number of materials to contain a plurality 
of conductive traces which are routed to a portion of 
the interconnect substrate on which one or more pro- 
grammable interconnect chips (PICs) are to be moun- 
ted. The interconnect substrate can, for example, 
comprise silicon (intrinsic or appropriately covered 
with an insulating layer), metal (with appropriate 
insulating layers formed thereon) or ceramic. The 
structure of the conductive traces formed on the inter- 
connect substrate is as described in co-pending appli- 
cation serial number 07,410,194. The interconnect 
substrate can contain a single or multiple layers of 
conductive traces as described in said co-pending 
application. The interconnect substrate would have all 
the advantages of the structure of this invention. The 
pic mounted on the interconnects substrate would 
perform all the functions of the structure of this inven- 
tion including programming as well as testing. 

The PIC, typically an integrated circuit, will con- 
sist of conductive traces and programming elements 
such as antifuses, for interconnecting selected traces. 



The PIC may also include in addition, tcansistors and 
other circuit components to assist in the program- 
ming, but these transistors and other circuit compo- 
nents may be excluded to simplify and reduce the cost 

5 of the PIC. 

While the invention has been described in con- 
junction with a semiconductor substrate containing a 
first level of conductive leads and a second level of 
conductive leads, or just a single level of conductive 

10 leads, of course any number of levels of conductive 
leads appropriate and compatible with the processing 
technology can be used. While a first set of conduc- 
tive leads and a second set of conductive leads have 
been described as being placed substantially ortho- 

15 gonal to each other, it should be understood that the 
first and second sets of leads can, if desired be orien- 
ted in a substantially different direction rather than 
being substantially orthogonal to each other and the 
invention will still be capable of being implemented. 

20 Other embodiments of this invention will be obvi- 

ous to those skilled in the art in view of this descrip- 
tion. 



25 Claims 

1. A structure comprising: 

a first plurality of conductive leads formed 
on a substrate in a first direction; 

30 a second plurality of conductive leads for- 

med on said substrate in a second direction sub- 
stantially different from said first direction; and, 

a plurality of cells formed in the substrate, 
each cell having bonding pads formed on the sur- 

35 face of the substrate above the region of the sub- 

strate in which the cell is formed thereby to allow 
a plurality of integrated circuit chips and/or elec- 
tronic components to be attached to and electri- 
cally connected to the plurality of cells. 

40 

2. A structure as claimed in claim 1 wherein the cells 
are arranged in rows and columns. 

3. A structure as claimed in claim 2 wherein the first 
45 direction is parallel to the rows of cells and the 

second direction is parallel to the columns of 
cells, and wherein at least one of the first plurality 
of conductive leads is of a length to extend across 
at lest two of the cells in a selected row and at 
so least one of the second plurality of conductive 

leads is of a length to extend across at least two 
of the cells in a given column. 

4. A structure as claimed in claim 3 wherein the first 
55 plurality of conductive leads comprises leads with 

differing lengths such that for each row of cells at 
least one lead extends across at least two cells in 
a row. 
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5. A structure as claimed in claim 3 or 4 wherein the 
second plurality of conductive leads comprise 
leads with differing lengths such that for each col- 
umn of cells at least one lead extends over at 
least two cells in a column. 

6. A structure as claimed in claim 2 wherein the first 
plurality of conductive leads contains leads such 
that at least one lead extends over two adjacent 
cells in each row and another lead extends over 
all the cells in each row; and 

wherein the second plurality of conductive 
leads contains leads such that at least one lead 
extends over two adjacent cells in each column 
and another lead extends over all cells in each 
column. 

7. A structure as claimed in claim 2 wherein the first 
plurality of conductive leads contains a first mul- 
tiplicity of conductive leads of different lengths 
which extend over different numbers of cells in 
each row; and wherein the second plurality of 
conductive leads contains a second multiplicity of 
conductive leads of different lengths which 
extend over different numbers of cells in each col- 
umn. 

8. A structure as claimed in any preceding claim 
wherein the first and second pluralities of conduc- 
tive leads are formed on different levels and are 
separated by dielectric. 

9. A structure as claimed in any preceding claim 
having programming elements for allowing selec- 
ted conductive leads to be connected to other 
conductive leads or for allowing non-selected 
conductive leads to be disconnected from other 
conductive leads. 

10. A structure as claimed in claim 9 wherein the pro- 
gramming elements allow selected conductive 
leads in one direction to be connected to conduc- 
tive leads formed in the other direction. 

11. A structure as claimed in claim 9 or 10 including 

a first dielectric layer formed on the sub- 
strate beneath the first plurality of conductive 
leads; and 

a second dielectric layer formed between 
the first plurality of conductive leads and the sec- 
ond plurality of conductive leads; and 

wherein the programming elements com- 
prise regions of the second dielectric layer con- 
taining a number of regions of an antifuse 
dielectric material particularly amenable to being 
formed into a conductive path by the application 
to the antifuse dielectric material of a voltage hav- 
ing a value equal to or greater than a selected 



value. — - 

12. A structure as claimed in claim 9 having a plurality 
of devices formed in the substrate, each of the 

5 plurality of devices being connected on a one-to- 

one basis between means for supplying power 
and selected ones of the conductive leads in the 
first plurality of conductive leads and the second 
plurality of conductive leads so that a selected 

w voltage can be applied to a first selected conduc- 

tive lead and another voltage can be applied to a 
second selected conductive lead such that a volt- 
age difference is created to program the program- 
ming element connecting the first selected 

15 conductive lead and the second selected conduc- 

tive lead thereby to form at the interconnection a 
conductive path between the first selected con- 
ductive lead and the second selected conductive 
lead. 

20 

13. A structure as claimed in claim 9 having a first 
plurality of IO leads connected to the substrate for 
the transmission to and from the substrate of 
selected signals for use in determining which 

25 selected conductive leads are to be connected by 

programming a selected set of the programming 
elements. 

14. A structure as claimed in claim 9 having a plurality 
30 of devices formed in the substrate for program- 
ming all or a portion of the programming ele- 
ments. 

15. A structure as claimed in any one of claims 1-8 
35 having a plurality of devices formed in the sub- 
strate for testing the conductive leads or the inte- 
grated circuit chips or electronic components to 
be attached to and electrically connected to the 
plurality of cells. 

40 

16. A structure as claimed in claim 15 having 

a selected plurality of IO leads for use in 
transmitting selected signals; 

a number of semiconductor circuit chips or 
45 electronic components connected on the bonding 

pads formed on the surface of the substrate 
above the region of the substrate in which a selec- 
ted number of the plurality of cells are formed; 

a multiplicity of devices formed in the sub- 
so strate, the devices being connected to a selected 
number of the pads thereby to allow signals 
applied at the plurality of 1 0 input leads to test the 
electrical circuits contained in the semiconductor 
chips attached to bonding pads on the substrate 
55 or to test the integrity of conductive leads on the 
substrate. 

17. A structure as claimed in claim 15 having 
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means for providing access by a user to a 
first plurality of IO leads on the structure and to a 
second plurality of IO leads on the structure; 

first means for storing data input into the 
structure by a user; s 

means for sampling selected pads formed 
on the cells in the structure to determine the state 
of the electrical components attached to the 
selected pads; 

means for comparing the data sampled 10 
from the pads with the data stored in the first 
means for storing to determined whether or not a 
match between the sampled and stored data has 
occurred; 

second means for storing the data avail- 15 
able on the pads in response to a match being 
detected between the data stored in said first 
means for storing and the sampled data; and 

means for outputting the data stored in 
said second means for storing. 20 

18. A structure as claimed in claim 15 having 

a selected plurality of IO leads for use in 
transmitting selected signals; and 

a multiplicity of devices formed in the sub- 25 
strate, said devices being connected to a selec- 
ted number of the pads thereby to allow signals 
applied at said plurality of IO input leads to test 
the integrity of conductive leads on said sub- 
strate. 30 

19. A structure as claimed in any preceding claim 
wherein the substrate comprises a semiconduc- 
tor substrate. 

35 

20. A structure comprising: 

a plurality of component contacts formed 
on an interconnect substrate for receipt of elec- 
tronic components; 

a plurality of electrically conductive traces 40 
formed on the interconnect substrate, each trace 
being electrically connected to a corresponding 
one of the component contacts; and 

at least one integrated circuit mounted on 
a selected portion of the interconnect substrate, 45 
the at least one integrated circuit containing a 
plurality of conductive leads, at least one of the 
conductive leads being electrically connected to 
a corresponding one of the electrically conductive 
traces, the at least one integrated circuit also con- so 
taining a plurality of programming elements pro- 
grammable to form electrically conductive paths 
between selected ones of the corresponding con- 
ductive leads, whereby the at least one integrated 
circuit can be configured by a user to interconnect 55 
selected electrically conductive traces to achieve 
a desired electrical function from the electronic 
components to be connected to the interconnect 
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substrate. _ _ 

21. A structure as claimed in claim 20 wherein at least 
some of the component contacts comprise pads 
on the interconnect substrate, each pad being 
appropriate for receipt of a conductive lead of an 
electronic component. 

22. A structure as claimed in claim 21 wherein each 
pad comprises conductive material and is electri- 
cally connected to a corresponding one of the 
electrically conductive traces. 

23. A structure as claimed in claim 21 or 22 having a 
multiplicity of electronic components mounted on 
the interconnect substrate, each electronic com- 
ponent possessing at least two electrical leads, 
each electrical lead contacting a corresponding 
pad selected from the plurality of pads. 

24. A structure as claimed in claim 23 wherein the 
multiplicity of electronic components comprises 
at least one integrated circuit. 

25. A structure as claimed in claim 21 wherein at least 
some of the pads comprise trace pads, each trace 
pad being connected to a corresponding one of 
the electrically conductive traces. 

26. A structure as claimed in claim 25 wherein each 
trace pad is connected by a conductive lead to a 
conductive via formed through the interconnect 
substrate, the conductive via containing conduc- 
tive material therein so as to form an electrical 
contact with a corresponding one of the electri- 
cally conductive traces. 

27. A structure as claimed in any one of claims 20-26 
wherein the interconnect substrate comprises a 
first portion containing conductive traces for inter- 
connecting electronic components formed the- v 
reon without the use of a programmable 
integrated circuit and a second portion containing 
at least one programmable interconnect circuit for 
interconnecting electronic components formed 
on at least the second portion. 

28. A structure as claimed in claim 27 including 
means for transmitting control signals to the at 
least one programmable interconnect circuit to 
control the configuration of the at least one prog- 
rammable interconnect circuit so as to control the 
interconnection of the conductive traces formed 
on the interconnect substrate. 

29. A structure as claimed in any one of claims 20-28 
wherein the interconnect substrate contains more 
than one layer of conductive traces. 
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30. A structure comprising: 

a plurality of component contacts formed 
on an interconnect substrate for receipt of elec- 
tronic components; 

a plurality of electrically conductive traces 5 
formed on the interconnect substrate, each trace 
being electrically connected to a corresponding 
one of the component contacts; and 

at least one integrated circuit mounted on 
a selected portion of the interconnect substrate, w 
the at least one integrated circuit containing a 
plurality of conductive leads, at least one of the 
conductive leads being electrically connected to 
a corresponding one of the electrically conductive 
traces, the at least one integrated circuit contain- 15 
ing active devices for testing the conductive leads 
and the conductive traces or the electronic com- 
ponents to be mounted on corresponding one of 
the plurality of component contacts. 

20 

31. A structure as claimed in claim 30 having at least 
one programmable integrated circuit mounted on 
the interconnect substrate to interconnect selec- 
ted traces formed on the interconnect substrate. 

25 

32. A programmable interconnect chip for use in 
interconnecting electronic components formed 
on an interconnect substrate, the chip compris- 
ing: 

a first set of conductive leads formed in a 30 
first direction across the surface of the chip and 
each comprising one or more conductive seg- 
ments, portions of selected ones of the segments 
being connected to pads on the surface of the 
programmable interconnect chip, each pad being 35 
adapted for contact to corresponding contacts on 
the interconnect substrate; 

a second set of conductive leads formed 
on the programmable interconnect chip in a sec- 
ond direction not parallel to the first direction, 40 
each conductive lead in the second set of conduc- 
tive leads comprising one or more segments; and 

means for electrically interconnecting 
selected ones of the conductive leads. 

45 

33. A chip as claimed in claim 32 comprising prog- 
rammable elements, means for electrically con- 
necting selected ones of the segments of 
conductive leads by means of the programmable 
elements; and 50 

means for programming the programm- 
able elements so as to form desired interconnec- 
tions between selected contacts on the 
interconnect substrate. 

55 

34. A diagnostic and test chip for use in testing elec- 
tronic components and conductive traces formed 
on an interconnect substrate, the chip compris- 



ing: 

a selected plurality of IO leads for use in 
transmitting selected signals; 

a multiplicity of devices formed in the chip 
and connected to a selected number of the elec- 
tronic components and the conductive traces 
thereby to allow signals to be applied to the 
plurality of IO input leads to test the electronic 
components and the conductive traces contained 
on the interconnect substrate. 

35. A chip as claimed in claim 34 comprising semi- 
conductor circuit chips or electronic components 
connected on bonding pads formed on the sur- 
face of the substrate. 

36. A diagnostic and test chip for use in testing elec- 
tronic components and/or conductive traces for- 
med on an interconnect substrate, the diagnostic 
and test chip comprising: 

means for providing access by a user to a 
first plurality of IO leads to the diagnostic and test 
chip and to a second plurality of IO leads to the 
diagnostic and test chip; 

first means for storing data input into the 
test chip by a user; 

means for sampling selected electronic 
components formed on the interconnect sub- 
strate to determine the state of these electronic 
components; 

means for comparing the data sampled 
from the electronic components to the data stored 
in the first means for storing data to determine 
whether or not a match between the sampled and 
stored data has occurred; 

second means for storing the data avail- 
able from the electronic components in response 
to a match being detected between the data 
stored in the first means for storing and the 
sampled data; and 

means for outputting the data stored in the 
second means for storing. 
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